Purpose: A randomized intervention study was conducted to explore the impact of oral care with sterile normal saline to oral flora colonization of high-risk newborns at the third day after birth.
between the body and the environment. Flora in newborns begins to grow in the oral cavity immediately after birth through activities, such as sucking, crying, and breathing. When infants are born prematurely or have substantial medical conditions such as meconium aspiration or fetal distress, their oral cavity may be subjected to intubation for mechanical ventilation, rigorous suctioning for stained meconium, frequent regurgitation, or aspiration, which often requires an indwelling orogastric tube (Davis, Fiorotto, & Suryawan, 2015) . These episodes may result in different microbial environments in the oral cavity.
High-risk newborns face another challenge. Their saliva or mucolymphatic secretions with its immunologic property may be less effective in warding off outside stimulants than those of healthy fullterm newborns (Smith & Taubman, 1992) . These conditions could undermine the physiologic stability and natural flora colonization inside the oral mucus epithelium of high-risk newborns. If pathogenic or excessive flora adheres to the oral surfaces of high-risk newborns, it may alter the physiologic milieu of the oral space, invading the systemic circulation through the fragile mucosal barrier and the respiratory tract or gastric sites.
The leading cause of morbidity and mortality in high-risk newborns is infection, a constant challenge for clinicians who care for these infants. Because the oral cavity is one of the most common sites for the growth of microorganisms, protecting it from infection is a universal precaution for persons at any stage of life, including highrisk newborns. Thus far, standard protocols for oral care have been developed for critically ill patients (O'Reilly, 2003) , including those on mechanical ventilation (Zhang et al., 2017) . In the past few years, researchers have explored the development of better protocols for specific groups of patients, such as children with chemotherapy (Hashemi et al., 2015) or stem cell transplantation (Eduardo et al., 2015) . However, in-depth research on the oral care of the high-risk newborns in NICU has yet to be conducted.
Pediatric studies on oral health have been limited to feeding competency in newborn infants (Bache, Pizon, Jacobs, Vaillant, & Lecomte, 2014) and dental assessment (Smith & Taubman, 1992) in older infants and children (Nunn, 2006) . Few researchers have reported on oral flora in healthy full-term neonates, specifically the colonization of several flora during the first week of life (Rotimi & Duerden, 1981) , flora caused by different delivery modes (Nelun Barfod et al., 2011) or types of formula (Holgerson et al., 2013) , or flora caused by maternal exposure (Nelson-Filho et al., 2013) . The data on oral flora in high-risk newborns and how oral care may affect its microbiological condition is extremely limited. This study, therefore, was designed to explore oral flora colonized after birth and how oral care may affect colonization in newborns in the light of their clinical condition. We focused our attention on the birth type, preterm birth, antibiotic use, oral feeding, and newborns placement, which are known or potential factors associated with oral flora. The study's objectives were to explore the types of oral flora and examine the effectiveness of oral care on it in high-risk newborns in the hospital during the early days of life.
| METHODS

| Samples
Study participants were high-risk newborns in the NICU of a university hospital in South Korea during the study period of 1 May 2014 to 31 January 2015. Excluded from the study were newborns who had been transferred from other hospitals where transfer regimens were uncertain (e.g., likely rescue maneuvers near oral sites) and newborns with oral problems (e.g., thrush, cleft lip) due to the possible deviations of flora colonization. Power analysis was performed to estimate the sample size using an effect size of 0.667 from an oral care study with ventilated adults (Grap, Munro, Elswick, Sessler, & Ward, 2004 ) and of 0.723 with older adults. With 0.05 of α and 0.2 of β, the calculated sample size was 29, with 31 individuals per group. However, we increased the sample size by 150% due to the paucity of knowledge, which may account for the wide variances on this topic.
We randomly allocated the study participants to either an intervention or a control group. Our computer-generated allocation resulted in 45 subjects in the intervention group and 47 subjects in the control group.
| Intervention and data collection
The hospital's institutional review board approved this study. NICU nurses were informed of the study's purpose and contents. After potential newborns were identified, their parents were given a full explanation of the study and reassured that their participation would be entirely voluntary, anonymous, and confidential and that they would be free to withdraw at any time. Those parents who were willing to participate then signed an informed consent form to participate in the study.
Baseline specimens were collected about 6:00 a.m. on the third day after birth. Nelson-Filho et al. (2013) obtained oral secretions between 10 min and 53 hr after birth to identify microbial colonization in healthy newborns. We obtained specimens early enough to explore oral flora colonization during the newborns' early life but late enough to avoid unexpected safety issues. Before baseline specimens were collected, no stimulation (e.g., feeding or suctioning through or near the oral space) was given. Baseline oral flora specimens were obtained by sliding a sterile swab kit (Agar Gel Amies, No Charcoal; 134C, Copan Diagnostics Inc., Murrieta, CA) on the side of mouth.
Specimens were then sent to the microbial laboratory daily to identify the types of flora.
The oral care intervention for subjects in the intervention group involved the application, in a circular motion, of a cotton ball soaked with sterile normal saline to the oral cavity for a few seconds. The subjects in the control group received no oral care because the NICU did not have a standard protocol and oral care was not routinely done in the study site. Eight hours after baseline specimens were collected, oral flora specimens were obtained in the same manner.
The 8 hr apart between specimen collections was determined in aspect to consider the oral care as the least routine care per duty in the study. Thus, two oral flora specimens were collected 8 hr apart for each newborn. All procedures were done in a structured manner by one of the authors and two research assistants; all were registered nurses. The tubes containing oral flora swabs were coded anonymously so that the research team and laboratory personnel were blinded to group type, specimen orders, and subjects.
Clinical data that might have influenced oral conditions were collected from medical records. This data included gestational week; birth weight; birth type; oral feeding; antibiotic use; newborns placement in an open field (e.g., radiant warmer), closed incubator, or phototherapy; and regurgitation. Regurgitation was considered as "yes" if regurgitation was documented two or more times a day at electronic nursing records. We adapted a structured guideline to assure reliable and robust data collection. The attending neonatologist was notified if unusual colonization, such as MRSA was identified from the culture reports. No adverse events related to the study occurred during the study period. 
| Data analysis
| RESULTS
Data on 179 specimens from 92 subjects were analyzed. Five specimens were missed: two from the intervention group and three from the control group. Of the 92 subjects, 51 newborns (55.4%) were male, 42 (46.2%) were born by cesarean delivery, and 53 (58.2%) were born prematurely. Mean gestation was 36.0 weeks (3.0 weeks) with 2,546 g (719.5 g) of mean birth weight. No differences were observed between the intervention and control groups in demographic and clinical conditions (Table 1) .
| Types of oral flora
Twenty taxonomic types of flora from 135 specimens were identified (Table 2 ). The most frequently observed were Streptococcus (47 specimens, 26.3%), MRSA (29 specimens, 16.2%), and CNS (24 specimens, 13.4%; Table 2 ). These three major flora accounted for 55.9% of the flora identified. Of 179 specimens, 44 (24.6%) showed no flora; 135 specimens (75.4%) tested positive for flora.
Flora types in the two study groups were compared across the time-points (Table 3 ). In Category A (all specimens), the mean of flora types was 0.91 in the intervention group and 0.88 in the control group at baseline. No significant change was identified at 8 hr after intervention in either group. 
| DISCUSSION
This randomized experimental study was conducted to identify oral flora in high-risk newborns and to determine the effect of oral care with sterilized normal saline on them. We report three important findings on the types of oral flora and the careful application of oral care in the early postnatal days of high-risk newborns.
First, we found 20 kinds of oral flora, the most frequent of which were Streptococcus, MRSA, and CNS. An earlier study also found Oral flora in infants has been a subject of interest for the prevention and management of dental caries after teeth eruption;
Streptococci mutans has been a well-known proxy agent due to its detrimental adhesiveness to the teeth surface (Selwitz, Ismail, & Pitts, 2007) . Researchers have begun to expand their interest beyond dental caries in infants to microbial colonization inside the oral cavity after birth after the sterile condition is gone.
Second, our study showed that the proportion of flora-positive specimens was lower than in previous studies and that positive flora occurred later than in previous studies. In our study, 75.4% of all specimens turned out to be flora positive during the study period.
This percentage is considerably less than the results of another study in which Staphylococcus epidermidis was found in 88.9% between 24
and 53 hr and Streptococci were found in 94.4% of samples between 24 and 53 hr after birth (Nelson-Filho et al., 2013) . In our study, the onset of flora colonization is quite interesting. It could be hypothesized that flora of any kind can be expected immediately after birth once the sterile condition is breached. In our study, The 179 specimens were obtained from 92 subjects. Numbers are not mutually exclusive. Also included are Acinetobacter (2), Bacillus (2), Burkholderia (2), Cronobacter (2), Enterobacoer (2), Staphylococcus (2), Corynebacterium (1), Micrococcus (1), Raoultella (1), Rhizobium (1). protocol limited access to the unit, required that visitors be gowned, and restricted visiting hours to twice a day for 30 minute to limit exposure to the outside environment. These conditions might explain why the subjects in this study were less exposed to agents that might transmit flora and why oral flora colonization was limited. | 5 of 7 preterm newborns may be limited due to NPO restrictions or oral intubation. As a result, their immaturity or opportunistic pathological conditions may deform the normal process of the oral epithelial lining.
T A B L E 3
During the early days of life, the deformed oral epithelium of high-risk newborns seems to impair the colonization of flora. In a similar way, endogenous flora such as Streptococci mutans, an ontogenic factor for dental caries, blankets teeth as a sort of biofilm (Selwitz et al., 2007) . Although normal flora colonization on mucosal and skin surfaces is a healthy adaptive defensive mechanism, little is known about the type or time of oral flora formation in both healthy and unhealthy newborns. Thus, it is not certain that less colonization in the high-risk newborn is benign or maladaptive. We suggest that the oral flora colonization in healthy and high-risk newborns differs, a finding that may point to potential risk factors related to the infection process.
Finally, oral care with sterile saline did not change oral flora colonization among high-risk newborns at early period of life. Although some researchers have suggested the benefits of early oral care for healthy full-term newborns shortly after birth (Rosenblatt et al., 2015) , we found that oral flora in NICU newborns is quite limited and questioned if oral care can change any normal process of flora colonization in the newborns. Furthermore, a recent study of healthy newborns born by cesarean delivery supports the benefit of exposure to microbials in the maternal vagina (Khoruts, 2016) .
Recently, the beneficial effects of colostrum for oral care have been reported to improve growth, neuro-outcomes, and immune integrity in premature infants (Cleminson, Zalewski, & Embleton, 2016; Rodriguez, Vento, Claud, Wang, & Caplan, 2015) . However, mother's colostrum is often not available when her newborn needs it. In addition, preserving and distributing colostrum in NICU may not be possible in all medical institutions. As a result, oral care with colostrum is not a viable option as yet. Its immunological benefit must be weighed against inconvenience in management and potential risk to pathogen exposure. From our study, we revealed that this intervention can be safely delivered to high-risk newborns without affecting oral flora colonization.
Oral care with sterilized normal saline can be beneficial when high-risk newborns are at risk of infection and particularly colostrum is not available and affordable. Further efforts are needed to develop tailored oral care that can supply and manage the use of colostrum or other surrogate material to forestall the malignant growth of flora in high-risk newborns with infection susceptibility.
| Limitation
Because our study participants were recruited from one university hospital, our results may have limited generalizability. The intervention was one-time oral care, and oral specimens were obtained at only two time points, which may not address the effectiveness of oral care on oral flora colonization at various time points. Because the types of oral flora varied widely and the numbers of each were relatively small, which might be normal in newborns, we did not quantify flora colonization. Nevertheless, our study is the first to examine the colonization of flora, at least the most frequently observed ones (e.g., Streptococcus, MRSA, and CNS) in high-risk newborns. Further research should elaborate the theoretical value and clinical meaning of our findings for high-risk newborns, particularly flora colonization in relation to potential infection.
| How might this information affect nursing practice?
High-risk newborns developed similar types of flora colonization, but its onset was somewhat slower compared with healthy newborns.
Slower flora colonization may increase the opportunity of unex- 
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